Decision making in economics has been always intertwined with the concept of rationality. However, neoclassical economic literature has been dominated by a specific notion of rationality, namely, perfect rationality, characterized by the assumption of consistency and by the maximization hypothesis. Herbert Simon, in his long research activity, questioned this concept of perfect or global rationality, suggesting a different vision, based on empirical evidence and regarding an individual's choices. He challenged the neoclassical theory of global rationality, suggesting his notion of bounded rationality, a satisficing (instead of optimizing) behavior, and the relevance of procedural rationality to understand the process of thought of decision makers.
Introduction
The concept of rationality is central to economics. This concept passed through various stages, from the strong version of rationality of classical utilitarian economists to the weaker concept of revealed preference theory. However, economic literature has been dominated by the concept of rationality and its consistency feature, and by the maximization hypothesis.
components. The fourth section analyzes Simon's behavioral model of rational choice in depth, underlining the relevance of satisficing behavior and the environment. The fifth section examines Simon's procedural rationality and its role in the bounded rationality theory. The last section suggests an assessment of the concept of bounded rationality in Simon. Conclusions end the paper.
Economic Decisions and Bounded Rationality
In classical and neoclassical economics, rationality has a specific meaning. A man is rational since he has a coherent criterion of choice. In addition, this man is characterized by omniscient rationality. The neoclassical theory assumes that the decision maker has a comprehensive and consistent utility function, knows all the alternatives that are available for choice, can compute and choose the alternative that maximizes utility, or, in the case of uncertainty, compute the subjective expected value of utility which is associated with each alternative, and choose the alternative that maximizes expected utility.
The theory of rational choice under uncertain outcomes describes the choice as a result of a rational process driven by a single cognitive process, which is characterized by a set of assumptions, and it orders the decisions on the basis of expected utility. Thus, expected utility theory represents the normative model of rational choice. Furthermore, statistical decision theory and game theory have contributed, embracing uncertainty, risk, and imperfect information, to strength the neoclassical view of rational choice. As a result, the standard of rationality in economics becomes the maximization of subjective expected utility-a combination of von Neumann-Morgenstern preferences and a Bayesian belief structure (Edwards, 1954; Schilirò, 2012 Schilirò, , 2017 . Finally, computer modelling and engineering techniques have strengthened the decision analysis together with Bayesian statistics (Howard, 1960 ) (Note 2).
Simon criticizes this theoretical approach and the lack of empirical hypotheses on an individual's behavior that underlies it. He has a different idea of rationality and proposes a theory that derives from limited or bounded rationality. Simon's approach emphasizes the limitations of the cognitive system and the change of cognitive processes due to expertise. Simon supports the view that the theory of rationality needs more articulated empirical hypotheses, that is the need for more extensive observations of real behavior in the decision-making process of human beings. In fact, his different idea of rationality starts from empirical observation regarding, for example, the way in which companies behave to decide prices and establish profits, or about how individuals behave in their choices as consumers or in the labor market. In order to develop such a theory, he refers to psychology, to the method that psychology adopts to study the behavior of individuals, to the attention of psychology towards the decisional processes, and to reasoning. Simon does not look at the goal (maximization of profit), but at the process that leads to an objective narrative.
Simon's Notion of Bounded Rationality
According to Herbert Simon (1979) , the classical theory of omniscient (perfect) rationality is simple and straightforward, since it is based on very strong assumptions. These assumptions are: knowledge of all the alternatives that are open to choice; ability to compute the consequences that will follow on each of the alternatives; certainty in the decision maker's present and future evaluation of these consequences. Therefore, the shape of the environment is determined, and, with the assumption of omniscient rationality, such theory fully determines the decision maker's behavior.
Already in the first edition of Administrative Behavior Simon, (1947) , rejected the notion of an omniscient ''economic man'' capable of making decisions that bring the greatest benefit possible, and set out an alternative approach based on the idea of an administrative man who satisfices (i.e., looks for a course of action that is satisfactory or "good enough"), instead of maximizing. Simon (1947) aims to establish the difference between theoretical behavior and actual behavior, verifying in practice the direct inapplicability of the neoclassical theory (Barros, 2010) .
In Administrative Behavior, the concept of bounded rationality does not appear explicitly, but as a residual category-rationality is limited or bounded, when it falls short of omniscience. The failures of omniscience are largely failures of knowing all the alternatives, uncertainty about relevant exogenous events, and inability to calculate consequences (Simon, 1979) .
In the 1950s, Simon (1955 Simon ( , 1956 Simon ( , 1957 Simon ( , 1959 ) devised a more positive and formal characterization of the mechanisms of choice under conditions of bounded rationality, taking into account not only the man's economic behavior, but also his environment. Simon pointed out that global rationality (Note 3) in the neoclassical theory requires a complete knowledge and anticipation of the consequences that will follow on each choice. With global rationality, no psychological theory is needed other than a theory of wants and needs. In particular, global rationality implies no need for a theory of human behavior, that is, understanding human thought processes in order to carry out economy analysis. It is sufficient to know how people ought to behave, since the neoclassical theory assumes that people will do things that are objectively rational.
Simon's major idea is to replace the unrealistic representation of the economic man, who is characterized by global rationality, with a behavior that is still rational, but that is compatible with the access to the information and the computational capacities that the man actually possesses in the environment where he lives. Thus, Simon develops his concept of bounded rationality, which represents the key interface between his works in economics and psychology (Schilirò, 2013) . As Klaes and Sent (2005) In Models of Man, Simon (1957) calls his alternative approach the "principle of bounded rationality". Actually, the capacity of the human mind for formulating and solving complex problems is very small, compared with the size of the problems (Simon, 1957, p.198) . Then, man has limited or bounded rationality, in the sense that he lacks both the information and the computational capacities to be globally rational (Simon, 1987) . He also lives in a world which offers a set of objectively available behavior alternatives, but a more limited set of "perceived" behavior alternatives to which he can respond (Simon, 1957 (Simon, , 1997a ). Man's behavior cannot be predicted just from the characteristics of the objective environment, but also from information about his perceptual and cognitive process. In Simon's view, man intends to be rational, but may fail, then it is important to know something about his cognitive and emotional architecture.
As Simon (1972) explained:
"theories that incorporate constraints on the information-processing capacities of the actor may be called theories of bounded rationality" (p.162).
According to Simon (1959) , paradoxically, the notion of bounded rationality originates from a broadening of the definition of rationality that encompass goal conflict and uncertainty. Simon (1972) identifies a variety of ways to assume limits of rationality, such as risk and uncertainty, incomplete information about alternatives, and complexity. Also, he (Simon,1959) points out that, even with the powerful new tools and machines, most real-life choices still lie beyond the reach of maximizing techniques, unless of drastic approximations. Thus, in real life, rationality must involve something simpler than maximization of utility or profit.
In this less ambitious vision of human decision making, bounded rationality describes this process and the results it brought as "satisficing" (Note 4). In this regard, Simon (1972) Decision makers satisfice since they go with first satisfactory course of action, taking shortcuts, rather than continuing to search for the best. Thus, in Simon's view, the term "heuristic" takes on a positive connotation.
The notion of bounded rationality, therefore, asserts that decision makers' cognitive capabilities are not always sufficient to find optimal solutions to complex real-life problems, leading decision makers to find satisfactory and suboptimal outcomes (Mallard, 2016, p. 2 ).
Yet, according to Simon (1959, p. 265) , models of satisficing behavior are richer than models of maximizing behavior, because they treat not only of equilibrium, but also of the method of reaching it. However, as Simon (1990, p.9) explains, satisficing is a weak method. This implies that the search process is halted, when a solution meets our expectations.
The main thrust of Simon's model of bounded rationality is that specific constraints occur and force a decision maker to be less than rational. The basic assumptions of his model are: Decision makers select the first alternative that is satisfactory; their conception of the world is simple; furthermore, decisions are made without determining all the alternatives by rules of thumb or shortcuts (heuristics) (Simon, Egidi, Viale, & Marris, 1992 ) (Note 6). In Simon's work, economics and psychology are intertwined. The formation of expectations is precisely a case in point, wherein psychologists and economists applied a wide variety of empirical and theoretical approaches. Actually, Simon's notion of bounded rationality moves in the opposite direction of rational expectations. In the latter, the agent should be able to forecast and profit/utility-maximize, whereas in the bounded rationality view decision makers do not always have the capacity of making decisions optimally. Adding expectations to Simon's behavioral model, the picture becomes much more complex, since the environment is not "given" (i.e., known to the economic decision maker), but it must incorporate the processes of acquiring knowledge about the environment. At the same time, Simon's behavioral model aims to include decision makers' learning, estimating, searching, and information-processing (Simon, 1958) . Indeed, search and satisfying represent two central and related concepts (Note 7) that characterize the mechanisms of choice under bounded rationality (Simon, 1979, p.502) . Finally, the theory of problem solving (Newell & Simon, 1972) , which assumes an information processing framework and makes use of computer simulation as a central tool for expressing and testing theories, fits also within the framework of bounded rationality.
Simon's Behavioral Model of Rational Choice
Simon outlines a formalized behavioral model of rational choice in his article A Behavioral Model of Rational Choice (1955) . In this work, he proposes a new kind of rational behavior that must be compatible with information access and computational capacities the organisms (i.e., decision makers), including man, actually possess in the kinds of environments in which such organisms exist (Simon, 1955, p.99) . Simon aims to construct definitions of "rational choice" that are modeled more closely upon the actual decision processes of group of individuals, who are making decisions in an organizational context. Essentially, Simon analyzes the implications of suboptimal decision making through the mathematical methodology of traditional economics.
Simon highlights that the models which are usually based on global rationality and the models of limited (bounded) rationality he suggests generally require some or all of the following elements (Simon, 1955): 1. "A set of behavior alternatives (i.e., alternatives of choice or decision) represented by a point set A" (p.102).
2. "The subset of behavior alternatives that the economic agent (i.e., the individual or the organization) 'considers' or 'perceives'. This subset can be represented by a point set
3. "The possible future state of affairs, or outcomes of choice, represented by a point set S" (p.102).
4. "A 'pay-off' function, representing the 'value' or 'utility' placed by the organism [agent] upon each of the possible outcomes of choice. The pay-off is represented by a real function V(s) which is defined for all elements s of S" (p.102).
5. "Information as to which outcomes in S will actually occur if a particular alternative a in A (or in A ⸰ ) is chosen". This information may be incomplete-that is, more than one possible outcome s for each behavior alternative a may occur. The information is, then, represented by a mapping of each element a in A upon a subset S a -the set of outcomes that may ensue if a is the chosen behavior alternative" (p.102).
6. "Information as to the probability that a particular outcome will ensue if a particular behavior alternative is chosen. This is a more precise kind of information than that postulated in (5), as it associates with each element s in the subset S a a probability P a (s)-the probability that s will occur if a is chosen. The probability P a (s) is a real and nonnegative function with ∑ Pa( ) = 1" (p.102).
Simons draws attention on the set of behavior alternatives A, the set of outcomes or future states of affairs S, and the pay-off V. In representing the pay-off matrix of a reduced form game, the set S corresponds to the cells of the matrix, the set A to the strategies of the first player, and the function V to the values in the cells. The set Sa is then the set of cells in the a th row (Simon, 1955, pp. 102-103) .
Simon recalls the rational choice procedures which are usually used in the ordinary game-theoretical and probabilistic models which Arrow (1951) cites. He criticizes the "classical" concepts of rationality make severe demands upon the choosing organism (Simon, 1955, p.103 ) (Note 8). Simon also states that there is a complete lack of evidence that, in actual human choice situations of any complexity, the computations that should be performed in the procedures of "classical" rationality can be really performed (Note 9).
Moreover, Simon introduces the concept of "aspiration level" drawn by psychological theory to fix the boundary between a satisfactory and unsatisfactory pay-off value taken by V(s) (Note 10). Therefore, he examines a different procedure by introducing some modifications that appear (on the basis of casual empiricism) to correspond to observed behavior processes in humans, and that lead to substantial computational simplifications in the making of choice.
The first simplification Simon adopts is to assume simple pay-off functions. Another simplification concerns the information gathering, so that, with a new procedure, the decision maker, "instead of seeking for the "best" move, needs only to look for a "good" move" (Simon, 1955, p.108) . This means that agents choose on the basis of a strategy that tries to meet adequacy criteria ("good enough"), rather than identifying an optimizing solution. It follows that by the introduction of a simple pay-off function and a process for gradually improving the mapping of behavior alternatives upon possible outcomes, Simon shows that "the process of reaching a rational decision may be drastically simplified from a computational standpoint" " (Simon, 1955, p.108) .
Thus, the extension of the notion of a simplified pay-off function permits Simon to find satisfactory solutions in terms of pay-off for the same cases of rational choice in ordinary game-theoretical models. The model outlined above is a fairly complete static case.
Simon also describes one extension of model into dynamics by considering a sequence of situations where the aspiration level, which defines a satisfactory alternative, may change from point to point in the sequence of trials (Note 11).
The central argument of this paper is that the decision maker has limitations on his/her knowledge and capabilities (e.g., in general, he/she does not know the costs of discovering the satisfactory alternatives in the sequence), hence less global models of rationality are significant and useful (Simon, 1955, p. 112) . Thus, the decision maker with limited knowledge and ability simplifies the representation of the real world for purposes of choice.
The concept of bounded rationality underlying Simon's view is therefore intended to encompass the idea of the practical impossibility of exercise of global rationality and not of its logical impossibility (Barros, 2010, p. 460) . This model represents the core of his behavioral theory of choice based on bounded rationality.
Satisficing and the Environment in Simon's Behavioral Model
Neoclassical economics represents any decision maker as able to solve extremely complex optimization problems. According to this theoretical view, the decision maker is able to extract all the relevant information from the surrounding environment, to process them and find the best response to the problem. He is also able to make, in the environment in which he lives, the best adaptation for his needs and wishes. Simon (1956) , in Rational Choice and the Structure of the Environment, strengthens his alternative behavioral approach to the classical model of rational choice. An alternative approach (Simon, 1956, p.138) ) "that is more closely related to psychological theories of perception and cognition, and that is in closer agreement to the facts of behavior as observed in laboratory". Simon, therefore, proposes his fundamental theoretical thesis, which he draws on psychology, that organisms adapt well enough to satisfice, instead of optimize.
When Simon talks about the satisficing criterion for problem solving, he is referring to the type of procedure whose fundamental elements can be summarized as follows: The identification of alternatives, heuristic research using a stop rule, and the existence of aspiration levels.
For Simon to use this type of procedure, it means using a type of particular rationality, namely bounded rationality.
He also stresses the relevance of the environment to which the organism must adapt (Simon, 1956 ). More specifically, the problem of behaving approximately or adaptively in a particular environment (Simon, 1955) and the simplifications that are suitable depend not only on the characteristics of the organism, but equally upon the structure of the environment. Given the computational limits, the environment, of which the actual man is aware (i.e., the subjective perception of the environment), is only a fraction of the "real" environment within which decisions are made. Simon (1959) stresses the complexity of the environment and the need to know more about the mechanisms man uses to relate himself to that environment and achieve his goals.
Furthermore, as Simon explains (1979, p.510) , rational human behavior cannot be accounted for by assuming perfect adaptation to the environment. On the contrary, human behavior operates with relatively simple mechanisms in interaction with extremely complex boundary conditions, which are imposed by the environment and by the capacity of human beings to learn.
Simon is aware of the fact that the number of possible alternatives is immense. This is why he aims at identifying a simple mechanism of choice that would suffice for the behavior of an organism that is confronted with multiple goals, within a psychological environment with some typical structural characteristics. He aims at a choice mechanism that will lead the organism to pursue a satisficing path at some specified level of all its needs (Simon, 1956, pp.136-137) .
In short, the rationality of human and organization behavior is always bounded by several limitations. Indeed, bounded rationality is limited by the available information, the tractability of the decision problem, the cognitive limitations of individual minds, and the time available to make the decision. In fact, the cognitive limits of knowledge, the computational limits and the impossibility of considering too many variables at the same time, the internal uncertainty of each hierarchy of preferences, the mental disposition, and the various social conditioning make decision makers decide, in most cases, on the basis of a criterion of sufficiency and minimal satisfaction. Also, the environment has a complex structure and is characterized by incomplete information and uncertainty. A successful behavioral approach to studying decision making must take into account the individual's complex relations in the environment. Hence, the decision making that takes place within this environment must consider not only the organism's perception of it, but also its structure. In addition, the decision making aims at satisficing, rather than optimizing.
Procedural Rationality and the Bounded Rationality Theory
Simon made further attempts to refine his theory of bounded rationality. In the 1950s and 1960s Simon's research aimed at studying the computational limits of human decision makers, also in order to better qualify the notion of bounded rationality. He gave significant contributions on computer science with Allen Newell and John Cliff Shaw, by developing the first heuristic programs and establishing the field of artificial intelligence (Note 12). Simon's idea was to analyze and extend the boundaries of artificial intelligence with particular concern for the simulation of human thought processes. Since rationality is limited by man's computational capabilities, the advances in artificial intelligence have greatly increased man's capacity to manage information, make computations, and solve problems. Simon (1978, p. 3) realized that the result of research in artificial intelligence and cognitive psychology gave important advances in understanding choice processes and deepening the understanding of the dynamics of rationality, but also the influences upon choice of the institutional structure within which it takes place.
Human thought processes became, therefore, the focus of his theorizing (Simon, 1978) and artificial intelligence was part of this theorizing.
In the essay From Substantive to Procedural Rationality, Simon (1976) adds an important piece to his theory of bounded rationality, drawing on psychology. Thus, instead of adopting the concept of substantive rationality, typical of neoclassical economics, which extends the rationality to choice outcomes and therefore rationalizing the decision, Simon adopts the concept of procedural rationality. Rational behavior is procedural in the sense that rationality is confined to choice procedures, and procedures, as Barros (2010, p.466) underlines, are algorithms. Simon shows that procedural rationality explains the rationality of the process or processes that are used to arrive at the decision. "Procedural rationality depends on the process that generated it" (Simon, 1976, p.131) . In other words, the procedural rationality is able to demonstrate the thought processes which are used to come to the decision. Thus, procedural rationality is a form of rationality with psychological traits, which constitutes a basic concept of Simon's behavioral theory of choice (Barros, 2010; Graziano, & Schilirò, 2011; Schilirò, 2012 ).
Simon's procedural rationality to analyze decisions is based on the information-processing approach. As Simon (1976) explains:
"Procedural rationality is usually studied in problem situations-situations in which the subject must gather information of various kinds and process it in different ways in order to arrive at a reasonable course of action, a solution to the problem" (p. 132).
The central question regarding procedural rationality is computational. Since individuals have limited information-processing capacity, they avoid excessive computations. In this regard, Simon recalls the empirical evidence and studies several scholars, including Kahnemann and Tversky (1973) (Note 13), conducted. Simon (1976, p.135) claims that for most problems the individual encounters in the real world, no procedure that he/she can carry out with his/her information processing equipment will enable him/her to discover the optimal solution, given the enormous complexity of the world, even when the notion of optimum is well defined. Boundedly rational decision making necessarily involves non-optimizing procedures (Selten, 1999) . Thus, in Simon's view, the search for computational efficiency becomes a search for procedural rationality.
The focus on procedural rationality translates into a focus on the actual processes of cognition and the limits that characterize these processes. Uncertainty and complexity that characterize the decision-making process are the two factors that make the shift towards procedural rationality necessary and inevitable. The shift to procedural rationality is also a shift from concern for optimal solutions to concern for good solutions (Simon, 1976, p.133) . The move from neoclassical economics, its notion of substantive rationality, and its oversimplified assumptions implies the adoption of economic behavioralism (Note 14). In this different economic approach, some behavioral premises are injected into the economic theory of decisions, where the decision maker's rationality is characterized by limits (i.e., rationality is bounded) and procedural rationality becomes the new notion of rationality (Simon, 1976, p.147 ).
Simon has therefore developed a behavioral economic theory. This theory involves an explicit link between economics and psychology, and the adoption of the notion of procedural rationality. Since economics tends to explain the decision maker's behavior in complex and dynamic circumstances that involve great uncertainty, a theory of procedural rationality is necessary (Simon, 1978, p.14) . Simon believes that this can be done through a complementary approach of several social science, such as operations research, artificial intelligence, cognitive psychology and, naturally, economics.
According to Simon, rational behavior requires simplified models that include the essential elements of the problem, without reflecting all the complexity. Thus, an important aspect of Simon's behavioral theory of rational choice is the adoption of heuristics. Indeed, in order to find good solutions, Simon suggests that decision makers employ heuristics to make decisions, rather than a strict rigid rule of optimization. In Simon's view, the term "heuristic" corresponds to a satisfactory procedure, which is often applied almost automatically and with a reasonable degree of reliability, although it also allows the decision maker to achieve, without consuming excessive time and cognitive resources, a goal that he/she had in mind. Thus, decision makers adopt heuristics because of the complexity of the situation, and their inability to process and compute the expected utility of every alternative action Note 15). Simon also adds that the theory of heuristic search, which is cultivated in artificial intelligence and information processing psychology, is concerned with devising search procedures that will permit systems of limited computational capacity to make complex decisions and solve difficult problems (Simon, 1978, p.12) .
Hence, individuals depend on simple heuristics, which adapt choice behavior to their capacity limitations (Myers & Papageorgiou, 1997) .
Moreover, complexity requires decision makers to pay more attention to the procedural aspects of rationality. Simon (1978, p.9) claims that a theory of rational behavior must be concerned with the characteristics of the rational actors as with the characteristics of the objective environment in which they make their decisions. In such a world, procedural rationality ̶ the effectiveness, in light of human cognitive powers and limitations, of the procedures used to choose actions−becomes relevant. In fact, the study of procedural rationality becomes challenging when problems are extremely complex, crucial information is absent, and attention is scarce. Simon (1978) also highlights the importance of the theory of search for the bounded rationality theory, since the theory of search is concerned with limits on the ability of the decision maker to discover what behavior is optimal for him/her. Simon (1957) describes decision making as a search process guided by aspiration levels (Note 16). Actually, according to Simon (1978, the theory of search must be set within a satisficing model:
"In a satisficing model, search terminates when the best offer exceeds the aspiration level that itself adjusts gradually to the value of the offers received so far" (p.10).
Thus, the theory of search becomes another important piece of Simon's positive theory of bounded rationality.
In conclusion, in Simon's view, human beings have problems in understanding the complexity of the environment. Problems in information processing occur, since perceived information does not always reflect what objectively exists. Simon rejects the hypothesis of optimizing behavior in all cases, except in the simplest ones, while he claims that a decision maker's behavior must be analyzed through his/her thought process.
Procedural rationality helps to demonstrate the thought processes used to come to the decision in a complex, uncertain, and changing world. In this regard, the role of knowledge and experience in the individuals' choices is important. Simon (1997b) stresses that choices are determined not only by coherent objectives and properties of the external world. Choices are also determined by the knowledge decision makers possess or do not possess of the world, by their ability or inability to evoke such knowledge at the right time, to elaborate consequences of one's actions, to foresee the possible course of events, to face uncertainties, including the uncertainty deriving from the possible reactions of other agents, and to choose between one's own needs in competition with each other.
Therefore, according to Simon, (1978 Simon, ( , 1979 , a behavioral economic theory which is based on the concept of bounded rationality is characterized by selective search, satisficing, and procedural rationality.
Assessing Bounded Rationality in Simon
Simon questioned the economic theory based on global rationality for its lack of realism. The realism of the assumptions and the empirical relevance of the theoretical model of rational choice are critical points, in Simon's view (1997a) . Empiricism, in particular, constitutes his methodological frame and it is the element that remained constant in his works, leading him to introduce psychological factors to explain economic agents' behavior in his bounded rationality model. Furthermore, Simon (1999) considers bounded rationality an important notion not only for economics, but also for his contributions to organization theory, psychology, and computer science.
An important aspect of bounded rationality is that it is instrumental in nature, so it is essentially adopted for solving problems, which often exhibit a logical form.
Another point concerns Simon's success and the relevance of his theoretical stand. In this regard, Simon confronts the theories of global rationality on their field, using formal mathematical models, particularly in one of his works (Simon, 1955) . However, this does not prevent him from considering psychological elements.
A controversial point regarding the assessment of Simon's theoretical contribution is the relation between his bounded and procedural rationality concepts. Barros (2010) Also, Barros (2010, p.470) underlines that bounded rationality mostly played a critical role to neoclassical economics, while procedural rationality best expresses the concept of rational behavior, in Simon's studies. Then in Barros' view, Simon's bounded rationality is "a derivate concept" (Barros, 2010, p.460) , because Simon (1955 Simon ( , 1956 Simon ( , 1957 defines bounded rationality as relative to man's incapacity to exercise global rationality. However, Barros (2010) claims that Simon remains the "father" of the notion of bounded rationality (Note 17).
The author of this paper agrees only partially with Barros's arguments. Bounded rationality has become the central concept of Simon's approach to decision making. In Simon's studies, the development of the concept of bounded rationality leads him to identify three steps: Search, satisficing and procedural rationality. Thus, procedural rationality in Simon's work represents an important qualification of his theory of bounded rationality. Moreover, as Jones (2003) pointed out, "precisely in the 1955 model of Simon bounded rationality became a positive theory of choice, not solely a critique of comprehensive rationality" (p. 396).
Actually, several other scholars have used the concept of bounded rationality, exploiting its lack of specificity and aiming only at a critique of global rationality, without grasping the more proactive aspects of Simon's theory. Thus, many theories adopt the notion of bounded rationality, and this term has become fashionable for disparate views of reasoning (Selten, 1999) . In this regard, Klaes and Sent (2005) As Aumann (1997) pointed out, no unified theory of bounded rationality exists. Indeed, Aumann had a relevant role in bounded rationality theory, since he stimulated research on modeling bounded rationality in game theory (Note 18). He criticized Simon's work because it was conceptual rather than formal. However, Aumann's aim was to approach bounded rationality in an attempt to strengthen neoclassical economics in contrast to Simon's vision (Sent, 2005) . Furthermore, Rubinstein (1998) (Note 19) underlined that the problem with the theoretical construct of bounded rationality is that, while only one course of action is open to an ideal optimizer-decision maker that aims to maximize, namely, the optimum, about as many outcomes for procedural satisficers exist as satisficing procedures exist. In other words, many ways are possible to bounded rationality.
However, in contemporary literature, bounded rationality seems to follow another route with respect to Simon's approach. In particular, in such theories, bounded rationality describes cognitive rational processes as events which are weakly connoted in terms of computation and instrumentality, while, in Simon's view, both computation and instrumentality have a relevant role (Fiori, 2005) . Simon (1978) also claimed that the impact of his notion of bounded rationality among mainstream economists was still limited. Although Jones (1999) acknowledged the limited impact on economics, he pointed out that bounded rationality seemed to have a major impact on institutional economics and other social sciences (e.g., political science) (Note 20). In any case, Simon's bounded rationality transformed decision-making theory across literatures. In fact, bounded rationality has been applied to the study of decision-making about financial investment, but also to the study of politics and to the assessment of public policy. Furthermore, the concept of bounded rationality has been extensively used in medical choices. According to McFall (2015), Simon's emphasis on the constraints of the human decision maker during the decision-making process is integral to many models of everyday decision making, including the competing perspectives of heuristic, dual process, and behavioral approaches. One important aspect is his theoretical contribution on problem solving (Newell & Simon, 1972) . In Simon's view, computation matters. Simon's research on "human problem solving" became the core of a wide-ranging theoretical project in which artificial intelligence, economics and cognitive psychology were closely intertwined (Fiori, 2005) . Nevertheless, even if Simon's research program in problem solving and expertise offered critical tools for studying decision-making processes that took into account his original notion of bounded rationality, unfortunately, these tools were ignored by the major research paradigms in decision making, such as Kahneman and Tversky's (1973) biased rationality approach (i.e., the heuristics and biases approach). It is well known that Tversky and Kahneman's insights went in a different direction with respect to Simon's theoretical view. Indeed, they started from the rationality assumption of neoclassical economics and next they analyzed departures from that benchmark, without developing an alternative view as Simon tried to do.
A different story is the legacy of Simon's work on bounded rationality and his concept of satisficing to the theoretical strand of "fast and frugal heuristics" program of Gigerenzer and his group of psychologists (Gigerenzer, & Goldstein, 1996; Gigerenzer, 1997; Gigerenzer & Selten, 2002; Todd, & Gigerenzer, 2003) of the Max Planck Institute for Human Development. In this case, the link seems closer. However, bounded rationality is conducted in the field of cognitive psychology and no longer in that of economics. In Gigerenzer's work (e.g. Gigerenzer, 1997 ), Simon's basic idea that it is necessary to simplify, rather than optimize, models is accepted and solved by the "rules of the thumb" (i.e., rules that work in the real world). Moreover, Gigerenzer and Selten (2002) elaborated Simon's ideas that led them to the notion of "ecological rationality" and "adaptive toolbox". These notions characterized the research program of Gigerenzer and the ABC research group (Gigerenzer & Todd, 1999 ), but they do not fit convincingly Simon's theoretical stand.
A final consideration is that Simon's contributions to the theory of bounded rationality represent a major scientific work. However, they seem more like a magnificent unfinished symphony (e.g., Franz Schubert's Symphony No. 8) and are the sign of a transition towards a new approach to economics to be completed.
Conclusions
This paper focuses on Simon's notion of bounded rationality, since bounded rationality remains the hallmark of his theoretical contribution. The work analyzes in depth Simon's behavioral model of rational choice. It shows that Simon's theory of bounded rationality includes three important steps: Search, satisfying, and procedural rationality.
Simon's bounded rationality theory explains the decisional processes that are adopted when it is not possible to choose the best alternative (i.e., fully optimized solution) because of decision makers' limits in terms of information, cognitive capacity, and attention, and of the complexity of the environment in which decision makers make these decisions. In this environment, the individual searches and tries to make decisions that are good enough (i.e. satisfactory) and that represent reasonable or acceptable outcomes. Bounded rationality is not a derivative concept, but constitutes a basic and primary notion for a positive theory of choice in behavioral terms, linking the economic and the psychological sphere. Moreover, in Simon's studies the computational aspect is very important, as also emotions can be encapsulated in the computational theory. In the bounded rationality approach, Simon does not look at the goal, but at the process that leads to an objective narrative. Hence, in this theoretical vision, the notion of procedural rationality becomes crucial. Finally, the paper offers an assessment of the notion of bounded rationality and its impact on economics and other social sciences. Despite its limited influence upon economics, Simon's bounded rationality has transformed decision making theory across literatures and has had a major impact on institutional economics and other social sciences.
